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Description 

The present invention relates to industrial polyamide yarns and more particularly relates to high tenacity 
poly(hexamethylene adipamide) yarn having low shrinkage and a process for making such yarns. 
5 A wide variety of high tenacity polyamide yarns are known and are used commercially for a variety of 
purposes. Many of such polyamide yarns are useful in cords for tires due to high tenacity, i.e., up to but 
generally not exceeding 9.3 cN/dtex (10.5 g/d). Such yarns also have tolerable levels of dry heat shrinkage 
for conversion to tire cords, typically 5-10% at 160 'C. 

For certain applications such as ropes, industrial fabrics, airbags, and reinforced rubber goods such as 
w hoses and conveyer belts, yarns with shrinkage less than that found in tire yarns are desirable. While some 
low shrinkage yarns are known, the tenacity of such yarns generally decreases with decreasing shrinkage. 
The lower tenacity thus requires the usually undesirable use of heavier deniers or the increased number of 
yarns in the end-use application. Other low shrinkage yarns with high tenacity levels have been made using 
processes employing treatment steps such as steaming for relatively long periods after drawing but such 
15 processes are usually not well-suited for commercial production. In addition, the yarns made by such 
processes typically have greatly reduced modulus levels and undesirable growth properties. 

EP-A-0 085 972 describes a high tenacity fiber with a specified birefringence in section and other 
properties including dry heat shrinkage which needs only to be less than 15% to be within the scope of the 
invention. The examples illustrate shrinkages of 7.5% and 8.3%. There is no disclosure of yarns having 
20 both high tenacity and low shrinkage in this publication. 

A heat-stable polyamide yarn with very low shrinkage while at the same time providing high tenacity 
would be highly desirable for such applications, particularly with a balance of properties including a low 
shrinkage tension and high modulus. Such yarns would be even more desirable if the yarns were readily 
manufactured in a commercially-feasible process. 

25 

SUMMARY OF THE INVENTION 

In accordance with the invention, a polyamide yarn which is at least about 85% poly(hexamethylene 
adipamide) is provided which has a relative viscosity of greater than 50, a tenacity of at least about 8.4 
30 cN/dtex (9.5 g/d), a modulus of at least about 26 cN/dtex (30 g/d), a dry heat shrinkage at 160°C of less 
than about 2 percent, a crystal perfection index of greater than about 83, and a long period spacing of 
greater than about 105 A. 

In accordance with a preferred form of the present invention, the yarn has a modulus of greater than 
about 31 cN/dtex (35 g/d) and a density of at least about 1.15 g/cc. Preferred yarns in accordance with the 
35 invention have a tenacity greater than about 8.8 cN/dtex (10 g/d) and maximum shrinkage tensions of less 
than about 0.33 cN/dtex (0.37 g/d). Yarns in accordance with the invention preferably have values for 
elongation to break of greater than about 18% and toughness values of greater than 176 cN/dtex% (200 
g/d-%). 

The novel high tenacity yarns in accordance with the invention provide dry heat shrinkages of less than 

40 2 percent while also maintaining an excellent combination of other end-use characteristics including a high 
modulus. In addition, the dry heat shrinkage tension of preferred yarns does not exceed about 0.33 cN/dtex 
(0.37 g/d). Thus, in uses such as in a woven fabric in which the yarns are constrained, the actual shrinkage 
may be considerably less than the value for the yarns at 160°C. 

In accordance with the invention, a process is provided for making an at least about 85% poly- 

45 (hexamethylene adipamide) yarn having a tenacity of at least about 7.9 cN/dtex (9.0 g/d), a dry heat 
shrinkage of less than about 2%, and modulus of at least 26 cN/dtex (30 g/d) from a drawn, partially-drawn, 
or undrawn feed yarn. The process includes drawing the yarn in at least a final draw stage while heating the 
feed yarn. The drawing and heating is continued until the draw tension reaches at least about 3.3 cN/dtex 
(3.8 g/d) when the yarn is heated to a yarn draw temperature of at least about 190*C. The tension on the 

so yarn is decreased after drawing sufficiently to allow the yarn to decrease in length to a maximum length 
decrease between about 13.5 and about 30%, preferably between about 15 and about 25%. During the 
relaxation, the yarn is heated to a yarn relaxation temperature of at least about 190°C when the maximum 
length decrease is reached. 

In a preferred process, the heating during the relaxation is continued for a duration sufficient to cause 

55 the yarn to have a crystal perfection index of greater than about 83. Preferably, the decreasing of the 
tension is performed by decreasing the tension partially in at least an initial relaxation increment to cause 
an initial decrease in length and then further decreasing the tension to cause the yarn to decrease further in 
length to its maximum length decrease in a final relaxation increment. In a preferred process, the yarn 



2 



EP 0 423 808 B1 



relaxation temperature is attained by heating in an oven at between about 220 and 320 °C for between 
about 0.5 and about 1.0 seconds as the maximum length decrease is reached. 

The process of the invention provides a commercially-feasible process in which a warp of multiple feed 
yarn ends can be converted to yarns with both high tenacity and low shrinkage. Feed yarns ranging from 
5 undrawn to "fully drawn" yarns can be used successfully in the process. When fully drawn yarns are used 
as feed yarns in the process, the shrinkage of those yarns can be reduced to levels below 2% while other 
functional properties such as high tenacity, high elongation and high modulus are maintained. When 
undrawn or partially drawn feed yarns are used, they can be converted to high tenacity, low shrinkage and 
high modulus yarns. 

70 

BRIEF DESCRIPTION OF THE DRAWING 

The Figure is a diagrammatical view of a process useful in making preferred yarns in accordance with 
the present invention. 

75 

DETAILED DESCRIPTION 

Fiber-forming polyamides useful for yarns in accordance with the invention are at least about 85% poly- 
(hexamethylene adipamide) having a relative viscosity of above about 50 on a formic acid basis and which 

20 are typically melt-spinnable to yield high tenacity fibers upon drawing. Preferred polyamides have a relative 
viscosity of above about 60. Preferably, the polyamide is homopolymer poly(hexamethylene adipamide) 
which is often referred to as 66 nylon. 

The tenacity of the yarns in accordance with the invention is at least about 8.4 cN/dtex (9.5 g/d) 
enabling the yarns to be useful for applications requiring high tenacities. Preferably, the yarn tenacity is at 

25 least about 8.8 cN/dtex (10.0 g/d). In yarns of the invention, yarn tenacities can be as high as abc-ut 10.6 
cN/dtex (12.0 g/d) or more. The modulus of preferred yarns is at least about 26 cN/dtex (30 g/d) and 
preferably is at least about 31 cN/dtex (35 g/d). Modulus values of up to about 53 cN/dtex (60 g/d) or more 
are possible. The preferred elongation to break is at least about 18% and can be as high as about 30% 
resulting in preferred toughness values (tenacity x break elongation) of greater than about 176 cN/dtex-% 

30 (200 g/d %, most preferably above about 198 cN/dtex % (225 g/d %). Toughness can be as high as about 
265 cN/dtex % (300 g/d %) or more. 

The denier of the yarns will vary widely depending on the intended end use and the capacity of the 
equipment used to make the yarns. Typical deniers are, for example, on the order of 110-4400 dtex (100- 
4000 denier). The denier per filament (dpf) can also range widely but is generally between about 1 and 

35 about 33 dtex (1 and about 30 denier) for most industrial applications, preferably between about 3 and 
about 8 dtex/fil (3 and about 7 dpf). 

The dry heat shrinkage of the yarns of the invention is less than 2.0% at 160*C making the yarns 
particularly well-suited for applications where low shrinkage is desirable. In general, it is very difficult to 
decrease the shrinkage below about 0.3% and still maintain high tenacity and high modulus and thus a 

40 preferred shrinkage range is between about 0.3% and about 2.0%. For yarns of the invention, shrinkage 
tensions are exceedingly low at typical temperatures of use since maximum shrinkage tensions do not 
occur until close to the melting point of the polymer, i.e., greater than about 250 a C. Maximum shrinkage 
tension is preferably less than about 0.33 cN/dtex (0.37 g/d) and most preferably less than about 0.26 
cN/dtex (0.30 g/d). Shrinkage tension levels in yarns of the invention can be as low as about 0.13 cN/dtex 

45 (0.15 g/d) or less. Growth of preferred yarns is less than about 9% and can be as low as 5% or less. 

The combination of high tenacity, low shrinkage and high modulus in yarns in accordance with the 
invention, as well as other useful properties, are due to the novel fine structure of the fiber. The novel fine 
structure is characterized by a combination of properties including a crystal perfection index (CPI) greater 
than about 83 which has not previously been observed in polyamide fibers. A long period spacing greater 

so than about 105 A is also characteristic of the fibers of the invention. A normalized long period intensity (LPI) 
of greater than about 2.7 is observed in preferred yarns in accordance with the invention. The apparent 
crystallite size (ACS) is very large, preferably greater than about 62 A in the 100 plane. Preferred yarns of 
the invention have a high density of greater than about 1.15 g/cc and values of birefringence which are 
greater than about 0.056. Preferred yarns have sonic modulus values which are greater than about 80 g/d. 

55 It is believed that the fiber fine structure functions as follows to provide the combination of high tenacity, 
low shrinkage, high modulus and other excellent properties. In polyamide fibers, there are at least two 
phases which are functionally connected in series and which are responsible for fiber properties. One of 
these phases is crystalline and is made up of crystals which are effectively nodes in a highly one- 
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dimensional molecular network. Connecting the crystals are noncrystalline polymer chain segments. The 
concentration (i.e. number per unit cross-sectional area) and uniformity of these connector molecules 
determines the ultimate fiber strength. 

In a fiber in accordance with the invention, the crystallinity, as revealed by the exceptionally high 

5 density, high crystal perfection index, and high apparent crystal size, is extremely high which reduces the 
fraction of the fiber susceptible to shrinkage due to thermal retraction of the connector molecules. The 
fibers have a highly extended structure but with low internal stress structure as revealed by the high 
birefringence and low shrinkage and shrinkage tension. Furthermore, in the yarns of the invention, it is 
believed that the connector molecules are organized so that their concentration across planes perpendicular 

io to the fiber axis is at an extremely high level. It is believed that the connector molecules are thereby close 
enough together laterally that they interfere with each other in a way which reduces shrinkage, while still 
increasing strength and maintaining modulus. 

Yarns in accordance with the invention can be produced from known polyamide yarns in a process in 
accordance with the invention which includes carefully controlled drawing and relaxation steps. The process 

15 is advantageously practiced using a warp of a multiplicity of feed yarn ends to improve economics relating 
to the production of the yarns of the invention. 

As will become more apparent hereinafter, feed yarns for producing yarns of the invention must be of 
good quality and can be "fully" drawn, partially drawn, or undrawn polyamide yarns. Good quality feed 
yarns, that is, yarns with few broken filaments, with low along end denier variability, and comprised of 

20 polymer containing little or no nonessential materials such as delusterants or large spherulites are essential 
for acceptable process continuity. "Fully" drawn is intended to refer to yarns having properties correspond- 
ing to yarns which are drawn to a high tenacity level for an intended end use in a currently-used, 
commercially-practical manufacturing process. Typical commercially-available "fully" drawn yarns suitable 
for use as feed yarns have a tenacity of about 7.1-9.3 cN/dtex (8-10.5 g/d) and have a birefringence of 

25 about 0.050-0.060. Partially drawn and undrawn feed yarns are typically not widely available commercially 
but are well-known in the art. Partially drawn yarns have been drawn to some extent but generally are not 
useful without further drawing. Such partially drawn yarns typically have a birefringence of about 0.015- 
0.030. Undrawn is intended to refer to yarn which has been spun and quenched but has not been drawn 
subsequently to quenching. Typically, the birefringence of undrawn yarns is on the order of about 0.008. 

30 Referring now to the Figure, apparatus 10 is illustrated which can be employed in a process of the 
invention to make yarns in accordance with the invention from "fully" drawn, partially drawn or undrawn 
feed yarns. While a single end process is shown and described hereinafter, the process is directly 
applicable to a multiple end process in which a warp of a multiplicity of feed yarn ends is employed to 
improve economy. With reference to the Figure, feed yarn Y is led from a supply package 12, passed 

35 through a suitable yarn tension control element 14, and enters a draw zone identified generally by the 
numeral 16. 

In the draw zone 16, feed yarns are drawn while being simultaneously heated in at least a final draw 
stage as will become more apparent hereinafter. The drawing and heating is performed until a draw tension 
of at least about 3.3 cN/dtex (3.8 g/d) is applied to the yarn when the yam has been heated to the yarn 

40 draw temperature of at least about 190°C. To achieve this, different drawing steps, differing total draw 
ratios and different heating patterns are used for differing feed yarns. For example, a total draw of 5.5X or 
more with an initial unheated draw stage may be necessary for undrawn yarns while a draw of 1.1-1.3X may 
be suitable for "fully" drawn yarns. Partially drawn yarns may be drawn to some intermediate ratio. In the 
drawing of all the feed yarn types, the tenacity during the final draw stage, if measured, generally will 

45 increase to greater than the initial tenacity of a typical "fully" drawn yarn by about 10% to 30%, i.e., to 
about 9.3-1 1.0 cN/dtex (10.5-12.5 g/d). 

In the final draw stage, the drawing is preferably performed in increments as the yarn is heated. 
Drawing can be begun on heated rolls with a series of successive drawing steps. Due to the high 
temperatures to be reached when the draw tension is at least about 3.3 cN/dtex (3.8 g/d), non-contact 

50 heating of the yarn is preferred. Such heating can be accomplished in a forced-air oven, with an infrared or 
microwave heater, etc., with heating in an oven being preferred. 

Referring again to the Figure, the drawing of the yarn Y in draw zone 16 of the process illustrated 
begins as the yarn passes in a serpentine fashion through a first set of seven draw rolls identified 
collectively as 18 and individually as 18a-18g. These rolls are suitably provided by godet rolls which have 

55 the capability of being heated such as by being internally-heated by the circulation of heated oil. In addition, 
the rotational velocity of the rolls is controlled to impart a draw of typically .5% to 1% to the yarn between 
each successive roll in the set of rolls to draw the yarn slightly and to maintain tight contact of the yarn with 
the rolls. The yarn Y is pressed against the first roll 18a by a nip roll 20 to prevent slippage. 
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Yarn Y is then forwarded to a second set 22 of seven draw rolls 22a-22g which are internally heated 
and the rotational velocity of which is controlled similarly to the first roll set 18. Typically, the rotational 
velocity of the rolls is controlled to impart a draw of typically .5% to 1% to the yarn between each 
successive roll in the set of rolls as in the first roll set. The velocity difference between the first roll set 18 

5 and the second roll set 22 (between roll 18a and roll 22a) can be varied to draw the yarn as it advances 
between the sets of rolls. For undrawn feed yarns, a majority of the draw, e.g., 2.5-4.5X is usually 
performed in an initial "space" draw area between the first and second roll sets with only moderate or no 
heating of the first roll set 18. For "fully" drawn feed yarns, substantially no draw is typically imparted to the 
yarn between the first and second roll sets 18 and 22 and the first roll set 18 can be bypassed if desired 

w although it is useful to run the yarn through the nip of rolls 18a and 20 to establish positive engagement of 
the yarn and avoid slippage during later drawing. Partially drawn yarns generally should be drawn as 
needed in the space draw zone so that the overall draw experienced by the yarns after space drawing is 
similar to or somewhat less than "fully" drawn feed yarns. Usually, for all feed yarns types, the second roll 
set 22 is used to heat the yarn by conduction in preparation for the final drawing at elevated temperature, 

15 e.g., roll temperatures of typically about 150-21 5 °C. 

After advancing past the second roll set 22, the yarn Y enters a heated draw area provided by two 
ovens, 24 and 26, respectively, which can be the forced hot air type with the capability to provide oven 
temperatures of at least about 300 °C. The final draw stage which achieves the maximum draw of the 
process is performed in the heated draw area. The residence time and the temperature of the ovens is such 

20 that the yarn Y is heated to at least about 190'C but the yarn temperature cannot exceed or approach the 
polyamide melting point too closely. To accomplish the heating effectively, the oven temperatures may 
exceed the yarn temperatures by as much as 130*C or more at typical process speeds. For the poly- 
(hexamethylene adipamide) yarns of the invention, preferred yarn temperatures are between about 190 and 
about 240 °C and the oven temperatures are preferably between about 220 and about 320 °C with a 

25 residence time of between about 0.5 and about 1.0 seconds. The draw in the heated draw area is 
determined by the speed of the first roll 22a of the second roll set 22 and the first roll 28a of the third roll 
set 28 (seven rolls 28a-28g) through which the yarn Y advances in a serpentine fashion after leaving the 
ovens 24 and 26. The total draw for the process is determined by the velocity of the first roll 18a in the first 
roll set and the speed of the first roll 28a in the third roll set. This first roll 28a in the third roll set marks the 

30 end of the draw zone 16 since, unlike the first and second roll sets, the velocity of successive rolls of roll 
set 28 decreases by between 0.5-1 .0% as the yarn advances. Thus, a relaxation zone of the process, which 
is identified generally by the numeral 30, begins at roll 28a. 

In the relaxation zone 30, the yarn is relaxed in a controlled fashion (the tension is decreased and the 
yarn is allowed to decrease in length) by between about 13.5 and about 30%, preferably between about 15 

35 and about 25%. The yarn is heated during the relaxation so that a yarn relaxation temperature of above 
about 190 °C is reached. To assist in maintaining process continuity during relaxation and maintain high 
modulus and low growth in the product, a small tension should be maintained on the yarn, typically above 
about 0.09 cN/dtex (0.1 g/d). 

The relaxation is preferably performed in increments as the yarn is heated. The initial relaxation can be 

40 performed on heated rolls and advantageously is a series of successive relaxation steps within the initial 
relaxation increment. Due to the high temperatures necessary during the final relaxation increment, non- 
contact heating of the yarn is preferred, preferably in an oven. In the preferred process, the heating during 
relaxation is continued for a duration sufficient to cause the yarn to have a crystal perfection index of 
greater than about 83. 

45 As illustrated in the Figure, the relaxation in the preferred process illustrated is performed initially by the 
incremental relaxation on the third roll set 28 the rolls of which are heated to about 150-215 6 C . The yarn 
then passes through relaxation ovens 32 and 34 capable of providing maximum oven temperatures of at 
least about 300 *C during which the maximum relaxation occurs. 

Achieving the necessary yarn relaxation temperature depends on the oven temperature and residence 

so time of the yarn in the ovens. Preferably, the ovens contain air at temperatures in excess of the yarn 
temperature by as much as about 130'C for effective heating at reasonable process speeds. For the poly- 
(hexamethylene adipamide) yarns of the invention, preferred yarn temperatures are between about 190 and 
about 240 °C and the oven temperatures are preferably between about 220 and about 320 C C with a 
residence time of between about 0.5 and about 1 .0 seconds. 

55 After the yarn passes through the ovens 32 and 34, yarn Y then passes through a fourth roll set 36 of 3 
rolls (36a-36c) in a serpentine fashion with the yarn Y being pressed against the last roll 36c by nip roll 38 
to prevent slippage. The surfaces of the fourth roll set 36 can be internally cooled with chilled water to 
assist in reducing the yarn temperature to a level suitable for wind-up. The yarn is retensioned slightly on 
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roll 36c in order to produce a stable running yarn and avoid wraps on roll 36b. The total relaxation is thus 
determined by the velocity difference between the first roll 28a of the third roll set 28 and the first roll 36a 
of the fourth roll set 36. 

After leaving the relaxation zone 30 of the process, the yarn Y is fed through a yarn surface treatment 
5 zone 40 which can include an interlace jet (not shown) to commingle the yarn filaments, a finish applicator 
42 to apply a yarn finish or other treatments to the yarn. At a wind-up station (not shown), the multiple ends 
of yarn Y are wound up onto suitable packages for shipping and end use. 

In a process in accordance with the invention using apparatus as illustrated for a warp of multiple ends, 
preferred wind-up speeds are from 150 mpm to 750 mpm. 
10 The following examples illustrate the invention and are not intended to be limiting. Yarn properties are 
measured in accordance with the following test methods. Percentages are by weight unless otherwise 
indicated. 

TEST METHODS 

15 

Conditioning: 

Packaged yarns were conditioned before testing for at least 2 hours in a 55% ±2% relative humidity, 
74 *F ±2*F (23 *C ±1 *C) atmosphere and measured under similar conditions unless otherwise indicated. 

20 

Relative Viscosity: 

Relative viscosity refers to the ratio of solution and solvent viscosities measured in a capillary 
viscometer at 25 °C . The solvent is formic acid containing 10% by weight of water. The solution is 8.4% by 
25 weight polyamide polymer dissolved in the solvent. 

Denier: 

Denier or linear density is the weight in grams of 9000 meters of yarn. Denier is measured by 
30 forwarding a known length of yam, usually 45 meters, from a multifilament yarn package to a denier reel 
and weighing on a balance to an accuracy of 0.001 g. The denier is then calculated from the measured 
weight of the 45 meter length. 

Tensile Properties: 

35 

Tensile properties (Tenacity, Elongation at break and Modulus) are measured as described by Li in U.S. 
Patent No. 4,521 ,484 at col. 2, line 61 to col. 3, line 6, the disclosure of which is hereby incorporated by 
reference. 

Initial modulus is determined from the slope of a line drawn tangential to the "initial" straightline portion 
40 of the stress strain curve. The "initial" straightline portion is defined as the straightline portion starting at 
0.5% of full scale load. For example, full scale load is 222N (50.0 pounds) for 670-1550 dtex (600-1400 
denier) yarns; therefore the "initial" straightline portion of the stress-strain curve would start at 0.25 lbs. Full 
scale load is 450N (100 pounds) for 2000-2200 dtex (1800-2000 denier) yarns and the initial straightline 
portion of the curve would start at 2.2N (0.50 lbs). 

45 

Toughness: 

Toughness is calculated as the product of the measured tenacity g/d and measured elongation at break 

50 Dry Heat Shrinkage: 

Dry Heat Shrinkage is measured on a Testrite shrinkage instrument manufactured by Testrite Ltd. 
Halifax, England. A -24" (61 cm) length of multifilament yarn is inserted into the Testrite and the shrinkage 
recorded after 2 minutes at 160°C under a 0.04 cN/dtex (0.05 g/d) load. Initial and final lengths are 
55 determined under the 0.04 cN/dtex (0.05 g/d) load. Final length is measured while the yarn is at 160 - C. 
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Shrinkage Tension: 

The maximum shrinkage tension and the temperature at maximum shrinkage tension are measured as 
described in U.S. Patent 4,343,860, col. 11, lines 15 to 33, the disclosure of which is incorporated by 
5 reference. In this method a 10 cm loop is heated in an oven at 30 'C per minute and the tension is 
measured and plotted against temperature to obtain a tension/temperature spectrum. The yarn samples 
were heated up to the melting point of the yarn (260-265 0 C). The temperature at maximum shrinkage 
tension and the maximum shrinkage tension or force are read directly off of the tension/temperature 
spectrum. 

70 

Growth: 



The fiber growth is measured by suspending a 50 to 60 cm length of yarn from a frame, measuring its 
initial length under a 0.009 cN/dtex (0.01 g/d) load, and then measuring its length after 30 minutes under a 
75 0.9 cN/dtex (1.0 g/d) load. The growth is calculated as a % from the following formula: 



L(f)-L(i) 

% Growth = x 100 

L(i) 



Where L(f) is the final length after 30 minutes and L(i) is the initial length. 



25 Birefringence: 



The optical parameters of the fibers of this invention are measured according to the method described 
in Frankfort and Knox U.S. 4,134,882 beginning at column 9, line 59 and ending at column 10, line 65, the 
disclosure of which is incorporated by reference, with the following exceptions and additions. First, instead 
30 of Polaroid T-410 film and 1000X image magnification, high speed 35mm film intended for recording 
oscilloscope traces and 300X magnification are used to record the interference patterns. Also suitable 
electronic image analysis methods which give the same result can also be used. Second, the word "than" 
in column 10, line 26 is replaced by the word "and" to correct a typographical error. 

35 X-Ray Parameters Crystal Perfection Index and Apparent Crystallite Size: 

Crystal perfection index and apparent crystallite size are derived from X-ray diffraction scans. The 
diffraction pattern of fibers of these compositions is characterized by two prominent equatorial X-ray 
reflections with peaks occurring at scattering angle approximately 20° -21 • and 23 e 20. 
40 X-ray diffraction patterns of these fibers are obtained with an X-ray diffractometer (Philips Electronic 
Instruments, Mahwah, N.J., cat. no. PW1 075/00) in reflection mode, using a diffracted-beam mono- 
chromator and a scintillation detector. Intensity data are measured with a rate meter and recorded by a 
computerized data collection/reduction system. Diffraction patterns are obtained using the instrumental 
settings: 

45 Scanning Speed 1 0 2$ per minute; 
Stepping Increment 0.025 ° 20; 
Scan Range 6* to 38° , 20; and 
Pulse Height Analyzer, "Differential". 

For both Crystal Perfection Index and Apparent Crystallite Size measurements, the diffraction data are 
50 processed by a computer program that smoothes the data, determines the baseline, and measures peak 
locations and heights. 

The X-ray diffraction measurement of crystallinity in 66 nylon, 6 nylon, and copolymers of 66 and 6 
nylon is the Crystal Perfection Index (CPI) (as taught by P. F. Dismore and W. O. Statton, J. Polym. Sci. 
Part C, No. 13, pp. 133-148, 1966). The positions of the two peaks at 21 • and 23° 26 are observed to shift, 
55 and as the crystallinity increases, the peaks shift farther apart and approach the positions corresponding to 
the "ideal" positions based on the Bunn-Garner 66 nylon structure. This shift in peak location provides the 
basis of the measurement of Crystal Perfection Index in 66 nylon: 
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[d (outer) /d (inner) ] - 1 

cpi = x 100 

5 0-189 

where d(outer) and d(inner) are the Bragg 'd' spacings for the peaks at 23 * and 21 • respectively, and the 
denominator 0.189 is the value for d(100)/d(010) for well-crystallized 66 nylon as reported by Bunn and 
Garner (Proc. Royal Soc.(London), A189, 39, 1947). An equivalent and more useful equation, based on 20 
io values, is: 

CPI = [2<9(outer)/2fl(inner) - 1] X 546.7 

Apparent Crystallite Size: 

75 

Apparent crystallite size is calculated from measurements of the half-height peak width of the equatorial 
diffraction peaks. Because the two equatorial peaks overlap, the measurement of the half-height peak width 
is based on the half-width at half-height. For the 20° -21 • peak, the position of the half-maximum peak 
height is calculated and the 20 value for this intensity is measured on the low angle side. The difference 

20 between this 20 value and the 20 value at maximum peak height is multiplied by two to give the half-height 
peak (or "line") width. For the 23 °C peak, the position of the half-maximum peak height is calculated and 
the 2d value for this intensity is measured on the high angle side; the difference between this 20 value and 
the 20 value at maximum peak height is multiplied by two to give the half-height peak width. 

In this measurement, correction is made only for instrumental broadening; ail other broadening effects 

25 are assumed to be a result of crystallite size. If *B' is the measured line width of the sample, the corrected 
line width •beta 1 is 



/9 = VS 2 -^ 2 

30 where 'b* is the instrumental broadening constant. *b' is determined by measuring the line width of the peak 
located at approximately 28 p 20 in the diffraction pattern of a silicon crystal powder sample. 
The Apparent Crystallite Size (ACS) is given by 

ACS = (KX)/(0 cos 0), wherein 

35 

K is taken as one (unity); 

X is the X-ray wavelength (here 1.5418 A); 
b is the corrected line breadth in radians; and 

0 is half the Bragg angle (half of the 20 value of the selected peak, as obtained from the diffraction pattern). 

40 

X-ray Orientation Angle: 

A bundle of filaments about 0.5 mm in diameter is wrapped on a sample holder with care to keep the 
filaments essentially parallel. The filaments in the filled sample holder are exposed to an X-ray beam 

45 produced by a Philips X-ray generator (Model 12045B) available from Philips Electronic Instruments. The 
diffraction pattern from the sample filaments is recorded on Kodak DEF Diagnostic Direct Exposure X-ray 
film (Catalogue Number 154-2463), in a Warhus pinhole camera. Collimators in the camera are 0.64 mm in 
diameter. The exposure is continued for about fifteen to thirty minutes (or generally long enough so that the 
diffraction feature to be measured is recorded at an Optical Density of -1.0). A digitized image of the 

50 diffraction pattern is recorded with a video camera. Transmitted intensities are calibrated using black and 
white references, and gray level (0-255) is converted into optical density. The diffraction pattern of 66 nylon, 
6 nylon, and copolymers of 66 and 6 nylon has two prominent equatorial reflections at 20 approximately 
20 s -21 • and 23°; the outer (-23°) reflection is used for the measurement of Orientation Angle. A data 
array equivalent to an azimuthal trace through the two selected equatorial peaks (i.e. the outer reflection on 

55 each side of the pattern) is created by interpolation from the digital image data file; the array is constructed 
so that one data point equals one-third of one degree in arc. 

The Orientation Angle (OA) is taken to be the arc length in degrees at the half-maximum optical density 
(angle subtending points of 50 percent of maximum density) of the equatorial peaks, corrected for back- 
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ground. This is computed from the number of data points between the half-height points on each side of the 
peak (with interpolation being used, this is not an integral number). Both peaks are measured and the 
Orientation Angle is taken as the average of the two measurements. 

5 Long Period Spacing and Normalized Long Period Intensity: 

The long period spacing (LPS), and long period intensity (LPI), are measured with a Kratky small angle 
diffractometer manufactured by Anton Paar K.G., Graz, Austria. The diffractometer is installed at a line-focus 
port of a Philips XRG3100 x-ray generator equipped with a long fine focus X-ray tube operated at 45KV and 

w 40ma. The X-ray focal spot is viewed at a 6 degree take-off angle and the beam width is defined with a 120 
micrometer entrance slit. The copper K-alpha radiation from the X-ray tube is filtered with a 0.7 mil nickel 
filter and is detected with a Nal(TI) Scintillation counter equipped with a pulse height analyzer set to pass 
90% of the CuK-alpha radiation symmetrically. 

The nylon samples are prepared by winding the fibers parallel to each other about a holder containing a 

75 2 cm diameter hole. The area covered by the fibers is about 2 cm by 2.5 cm and a typical sample contains 
about 1 gram of nylon. The actual amount of sample is determined by measuring the attenuation by the 
sample of a strong CuK-alpha X-ray signal and adjusting the thickness of the sample until the transmission 
of the X-ray beam is near 1/e or .3678. To measure the transmission, a strong scatterer is put in the 
diffracting position and the nylon sample is inserted in front of it, immediately beyond the beam defining 

20 slits. If the measured intensity without attenuation is lo and the attenuated intensity is I, then the 
transmission T is l/(lo). A sample with a transmission of 1/e has an optimum thickness since the diffracted 
intensity from a sample of greater or less thickness than optimum will be less than that from a sample of 
optimum thickness. 

The nylon sample is mounted such that the fiber axis is perpendicular to the beam length (or parallel to 

25 the direction of travel of the detector). For a Kratky diffractometer viewing a horizontal line focus, the fiber 
axis is perpendicular to the table top. A scan of 180 points is collected between 0.1 and 4.0 degrees 20, as 
follows: 81 points with step size 0.0125 degrees between 0.1 and 1.1 degrees; 80 points with step size 
0.025 degrees between 1.1 and 3.1 degrees; 19 points with step size 0.05 degrees between 3.1 and 4.0 
degrees. The time for each scan is 1 hour and the counting time for each point is 20 seconds. The resulting 

30 data are smoothed with a moving parabolic window and the instrumental background is subtracted. The 
instrumental background, i.e. the scan obtained in the absence of a sample, is multiplied by the 
transmission, T, and subtracted, point by point, from the scan obtained from the sample. The data points of 
the scan are then corrected for sample thickness by multiplying by a correction factor, CF = -1.0/(eT ln(T)). 
Here e is the base of the natural logarithm and ln(T) is the natural logarithm of T. Since T is less than 1 , In- 

35 (T) is always negative and CF is positive. Also, if T = 1/e, then CF = 1 for the sample of optimum thickness. 
Therefore, CF is always greater than 1 and corrects the intensity from a sample of other than optimum 
thickness to the intensity that would have been observed had the thickness been optimum. For sample 
thicknesses reasonably close to optimum, CF can generally be maintained to less than 1.01 so that the 
correction for sample thickness can be maintained to less than a percent which is within the uncertainty 

40 imposed by the counting statistics. 

The measured intensities arise from reflections whose diffraction vectors are parallel to the fiber axis. 
For most nylon fibers, a reflection is observed in the vicinity of 1 degree 26. To determine the precise 
position and intensity of this reflection, a background line is first drawn underneath the peak, tangent to the 
diffraction curve at angles both higher and lower than the peak itself. A line parallel to the tangent 

45 background line is then drawn tangent to the peak near its apparent maximum but generally at a slightly 
higher 2e value. The 2$ value at this point of tangency is taken to be the position since it is position of the 
maximum if the sample back-ground were subtracted. The long period spacing, LPS, is calculated from the 
Bragg Law using the peak position thus derived. For small angles this reduces to: 

50 LPS = \/sin(20) 

The intensity of the peak, LPI, is defined as the vertical distance, in counts per second, between the point of 
tangency of the curve and the background line beneath it. 

The Kratky diffractometer is a single beam instrument and measured intensities are arbitrary until 
55 standardized. The measured intensities may vary from instrument to instrument and with time for a given 
instrument because of x-ray tube aging, variation in alignment, drift, and deterioration of the scintillation 
crystal. For quantitative comparison among samples, measured intensities were normalized by ratioing with 
a stable, standard reference sample. This reference was chosen to be a nylon 66 sample (T-717 yarn from 
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E. I. du Pont Co., Wilmington, De.) which was used as feed yarn in the first example of this patent (Feed 
yarn 1). 

Sonic Modulus: 

5 

Sonic Modulus is measured as reported in Pacofsky U.S. Patent No. 3,748,844 at col. 5, lines 17 to 38, 
the disclosure of which is incorporated by reference except that the fibers are conditioned for 24 hours at 
70 • F (21 0 C) and 65% relative humidity prior to the test and the nylon fibers are run at a tension of 0.09 
cN/dtex (0.1 grams) per denier rather than the 0.4-0.6 cN/dtex (0.5-0.7) reported for the polyester fibers of 
10 the referenced patent. 

Density: 

Density of the polyamide fiber is measured by use of the density gradient column technique described 
15 in ASTM D1 50556-68 using carbon tetrachloride and heptane liquids at 25 °C. 

Tension: 

While the process is running, tension measurements are made in the draw and relax zones (in the 
20 Figure, after oven 26 in the draw zone and after oven 34 in the relaxation zone about 12 inches (30 cm) 
from the exits of the ovens) using model Checkline DXX-40, DXX-500, DXX-1K and DXX-2K hand-held 
tensiometers manufactured by Electromatic Equipment Company, Inc., Cedarhurst, N.Y. 11516. 

Yarn Temperature: 

25 

Yarn Temperatures are measured after the yarn leaves draw oven 26 and relaxation oven 34 with the 
measurements made about 4 inches (1 0 cm) away from the oven exit. The measurements are made with a 
non-contact infrared temperature measurement system comprised of an infrared optical scanning system 
with a 7.9 micron filter (band pass of about 0.5 microns) arid broad band detector to sense the running yarn 

30 and a temperature reference blackbody placed behind the yarn which can be precisely heated to 
temperatures up to 300 °C. A type J thermocouple, buried in the reference, is used with a Fluke Model 
2170A digital indicator traceable to National Bureau Standards to measure the reference temperature. 
Highly accurate measurement of the temperature of polyamide yarn is obtained since the 7.9 micron filter 
corresponds to an absorption band where the emissivity is known to be close to unity. In practice, the 

35 temperature of the reference is adjusted so that the yarn line scan image disappears as viewed on an 
oscilloscope and, at this null point, the yarn will be at the same temperature as the reference. 

Example 1 

40 A fully drawn 933 dtex (848 denier), 140 filament yarn with a formic acid relative viscosity of about 67 
(Feed Yarn 1) was prepared by continuous polymerization and extrusion of homopolymer poly- 
(hexamethylene adipamide) and drawn concomitantly using the process of Good, U.S. Patent 3,311,691. 
This "fully drawn" yarn with 8.5 cN/dtex (9.6 gpd) tenacity, 8.8% shrinkage, 144 cN/dtex%(163 g/d %) 
toughness, and other properties as more fully set forth in Table 2 was used as a feed yarn in a process as 

45 illustrated in the Figure. 

Using apparatus as illustrated in the Figure operated using the process conditions listed in Table 1 , 4 
ends of the yarn were taken off a feed package 1 2 over end, forwarded to the tension control element 1 4 for 
tension control, and then nipped by nip roll 20 and godet roll 18a of roll set 18. The godet rolls 18b through 
18g of roll set 18 were bypassed and the yarn was forwarded directly to godet rolls 22a-22g of roll set 22, 

so through ovens 24 and 26 to roll set 28. The draw tension was 3.55 cN/dtex (4.02 g/d) at a yarn temperature 
of 240 °C . The yarn then passes through all seven rolls of roll set 28, through ovens 32 and 34, and 
through the rolls of roll set 36 before wind-up. The yarn temperature of the yarn emerging from relaxation 
oven 34 was 240 °C and the relaxation percentage was 13.5%. Incremental draws of 0.5% were used 
between each pair of rolls in roll set 22 and incremental relaxations of 0.5% were used between each pair 

55 of rolls in the third roll set 28. 

A detailed list of process parameters including roll speeds and oven and roll temperatures is provided 
in Table 1. 
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The 796 denier yarn obtained at wind-up had the same formic acid relative viscosity as the feed yarn 
but with a tenacity and shrinkage balance of 9.2 cN/dtex (10.4 g/d) and 1.9%, respectively. The modulus 
was 39.7 cN/dtex (45.0 g/d) and the toughness was 185 cN/dtex % (210 g/d %). The crystal perfection index 
was 86.1, long period spacing was 114 A, and density was 1.1526. A more detailed list of properties is 
5 provided in Table 3. 

Example 2 

The feed yarn for Example 2 was the same as that described in Example 1 (Feed yarn 1) and the 
io process was similar to Example 1 but with only one end and the process conditions as described in Table 
1. The draw tension was 3.84 cN/dtex (4.35 g/d) at a yarn temperature of 232 °C after oven 26. The yarn 
temperature of the yarn emerging from oven 34 was 240 *C and the relaxation percentage was 18.2%. 

The 884 dtex (804 denier) yarn obtained at wind-up had the same formic acid relative viscosity of 67 
but with a tenacity and shrinkage balance of 8.9 cN/dtex (10.1 g/d) and 1.4%, respectively. The modulus 
15 was 37.8 cN/dtex (42.8 g/d) and the toughness was 200 cN/dtex % (227 g/d %). The crystal perfection index 
was 88.1, long period spacing was 120 A, and density was 1.1540. A more detailed list of properties is 
provided in Table 3. 

Example 3 

20 

A "fully drawn" 1390 dtex (1260 denier), 210 filament yarn with a formic acid relative viscosity of 89 
was prepared by continuous polymerization and extrusion of poly(hexamethylene adipamide) and drawn 
concomitantly using the process of Good, U.S. Patent 3,311,691. This "fully" drawn feed yarn with 8.8 
cN/dtex (10.0 gpd) tenacity, 7.6% shrinkage, and 245 cN/dtex% (278 g/d%) toughness (Feed Yarn 2) was 

25 processed similarly to Example 1 but with the process conditions as described in Table 1 . The draw tension 
was 4.22 cN/dtex (4.78 g/d) at a yarn temperature of 212 °C after oven 26. The yarn temperature of the 
yarn emerging from oven 34 was 218° C and the relaxation percentage was 21.4%. 

The 1470 dtex (1340 denier) yarn obtained at wind-up had the same formic acid relative viscosity of 89 
but with a tenacity and shrinkage balance of 9.0 cN/dtex (10.2 g/d) and 0.9%, respectively. The modulus 

30 was 28.1 cN/dtex (31 .9 g/d) and the toughness was 259 cN/dtex % (294 g/d %). The crystal perfection index 
was 85.9, long period spacing was 113 A, and density was 1.1527. A more detailed list of properties is 
provided in Table 3. 

Example 4 

35 

The feed yarn for Example 4 was the same as that described in Example 3 (Feed Yarn 2) and the 
process was the same as Example 3 but the process conditions were as in Table 1 . The draw tension was 
4.23 cN/dtex (4.79 g/d) at a yarn temperature of 212°C. The yarn temperature of the yarn emerging from 
oven 34 was 218 °C and the relaxation percentage was 21.2%. 
40 The 1470 dtex (1336 denier) yarn obtained at wind-up had the same formic acid relative viscosity of 89 
but with a tenacity and shrinkage balance of 9.3 cN/dtex (10.5 g/d) and 1.5%, respectively. The modulus 
was 32.8 cN/dtex (37.2 g/d) and the toughness was 239 cN/dtex % (271 g/d %). The crystal perfection index 
was 85.0, long period spacing was 112 A, and density was 1.1572. A more detailed list of properties is 
provided in Table 3. 

45 

Example 5 

A spun, but undrawn, 4085 dtex (3714 denier), 140 filament yarn with a formic acid relative viscosity of 
60 (Feed Yarn 3) was prepared by continuous polymerization and extrusion, of poly(hexamethylene 

50 adipamide) polymer. After extrusion the yarn was quenched, treated with an oiling agent and wound up 
directly at 402 mpm (440 ypm). The birefringence of the spun yarn was about .008 and the elongation to 
break was 575%. The yarn was subsequently stored at 65% RH for 48 hours to achieve near equilibrium 
moisture content of about 4.5%. 

Using apparatus as illustrated in the Figure operated using the process conditions listed in Table 1 , one 

55 end of feed yarn 3 was taken off a feed package 12 over end, forwarded to the tension control element 14 
for tension control at 70 g, and then nipped by nip roll 20 and godet roll 18a of roll set 18. All of the godet 
rolls 18b through 18g of roll set 18 were used and the yarn was drawn at low temperature between roll set 
18 and godet rolls 22a-22g of roll set 22 to the draw ratio indicated in Table 1. As in the previous Examples, 
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the yarn was forwarded through ovens 24 and 26. The draw tension was 3.57 cN/dtex (4.04 g/d) at a yarn 
temperature of 226 °C after oven 26. The yarn then passes through alt seven rolls of roll set 28, through 
ovens 32 and 34, and through the rolls of roll set 36 before wind-up. The yarn temperature of the yarn 
emerging from oven 34 was 226 *C and the relaxation percentage was 14.4%. Incremental draws of 0.5% 

5 were used between each pair of rolls in roll set 22 and incremental relaxations of 0.5% were used between 
each pair of rolls in the third roll set 28. 

The 871 dtex (792 denier) yarn obtained at wind-up had the same formic acid relative viscosity of 60 
but with a tenacity and shrinkage balance of 8.7 cN/dtex (9.9 g/d) and 1.7%, respectively. The modulus was 
40.9 cN/dtex (46.4 g/d) and the toughness was 180 cN/dtex % (204 g/d %). The crystal perfection index was 

w 84.8, long period spacing was 108 A, and density was 1.1500. A more detailed list of properties is provided 
in Table 3. 

Examples 6-11 

15 Using apparatus as illustrated in the Figure with the process parameters listed in Table 4, one end of 
the indicated feed yarn was used to make yarns in accordance with the invention. A partial listing of 
properties for feed yarns 4, 5 and 6 is provided in Table 2; these feed yarns were poly(hexamethylene 
adipamide), spun from continuously polymerized polymer and drawn by the method described in U.S. 
Patent 3,311,691. A listing of denier, tensile properties and shrinkage of the yarns of Examples 6-11 is 

20 provided in Table 5. 
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Claims 

1. A polyamide yarn comprised of at least about 85% Poly(hexarnethylene adipamide) having a relative 
viscosity of greater than about 50, a tenacity of at least about 8.4 cN/dtex (9.5 g/d), a modulus of at 

50 least about 26 cN/dtex (30 g/d), a dry heat shrinkage at 160*C of less than about 2%, a crystal 

perfection index of greater than about 83, and a long period spacing of greater than about 105 A. 

2. The yarn of Claim 1 having a modulus of at least about 31 cN/dtex (35 g/d). 
55 3. The yarn of Claim 1 having a density of at least about 1.15 g/cc. 

4. The yarn of claim 1 having a birefringence of greater than about 0.056. 
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5. The yarn of Claim 1 having a long period intensity of greater than about 2.7. 

6. The yarn of Claim 1 wherein said tenacity is at least about 8.8 cN/dtex (10 g/d). 
5 7. The yarn of Claim 1 having an elongation to break of at least about 18%. 

8. The yarn of Claim 1 having a toughness of greater than about 180 cN/dtex % (200 g/d %). 

9. The yarn of Claim 1 having a toughness of greater than about 198 cN/dtex % (225 g/d %). 

10 

10. The yarn of Claim 1 wherein said relative viscosity is greater than about 60. 

11. The yarn of Claim 1 having a sonic modulus of greater than about (1 cN/dtex (80 g/d). 

75 12. The yarn of Claim 1 having a maximum shrinkage tension of less than about 0.33 cN/dtex (0.37 g/d). 

13. The yarn of Claim 1 having a maximum shrinkage tension of less than about 0.26 cN/dtex (0.30 g/d). 

14. The yarn of Claim 1 wherein said polyamide is comprised of homopolymer poly(hexamethylene 
20 adipamide). 

15. The yarn of Claim 1 having an apparent crystallite size of greater than about 62 A as measured in the 
100 plane. 

25 16. The yarn of Claim 1 wherein said yarn has a growth less than about 9%. 

17. A process for making a polyamide yarn comprised of at least about 85% by weight poly- 
(hexamethylene adipamide) and having a tenacity of at least about 7.9 cN/dtex (9.0 g/d), a dry heat 
shrinkage of less than about 2.0% and a modulus of at least about 26 cN/dtex (30 g/d) from a feed yarn 

30 selected from the class consisting of drawn, partially-drawn and undrawn yarns, said process compris- 
ing: 

drawing said feed yarn in at least a final draw stage; 
heating said feed yarn during at least said final draw stage; 

said drawing and heating of said feed yarn being continued until the draw tension reaches at least 
35 about 3.3 cN/dtex (3.8 g/d) when said yarn is heated to a yarn draw temperature of at least about 
190 -C; 

decreasing the tension on said yarn after said drawing sufficiently to allow said yarn to decrease in 
length to a maximum length decrease between about 13.5 and about 30%; 

heating said yarn during said decreasing of said tension to a yarn relaxation temperature of at least 
40 about 190°C when said maximum length decrease is reached; and 

cooling and packaging said yarn after said decreasing of said tension. 

18. The process of claim 17 wherein said tension is decreased sufficiently that the maximum length 
decrease of the yarn is between about 15 and about 25%. 

45 

19. The process of claim 17 wherein said heating during said decreasing of the tension is continued for a 
duration sufficient to cause said yarn to have a crystal perfection index of greater than about 83. 

20. The process of claim 17 wherein said decreasing of the tension is performed by decreasing the tension 
so partially in at least an initial relaxation increment to cause an initial decrease in length and then further 

decreasing the tension to cause said yarn to decrease further in length to its maximum length decrease 
in a final relaxation increment. 

21. The process of claim 17 performed on a multiplicity of yarn ends simultaneously at a packaging 
55 process speed between 150 and 750 mpm. 

22. The process of claim 17 wherein said feed yarn is a partially-drawn or undrawn feed yarn and said 
drawing further comprises at least one initial draw stage before said final draw stage. 
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23. The process of claim 17 wherein said yarn draw temperature is between about 190 and about 240 °C 
and said yarn relaxation temperature is between about 190 and about 240 °C. 

24. The process of claim 23 wherein said heating during said drawing is performed in an oven having a 
5 temperature of between about 220 and about 320 °C, the residence time in said oven being between 

about 0.5 and about 1.0 seconds. 

25. The process of claim 23 wherein said heating during said decreasing of the tension is performed in an 
oven having a temperature of between about 220 and about 320 ° C, the residence time of said yarn in 

w said oven being between about 0.5 and about 1 .0 seconds. 

Patentanspruche 

I. Polyamidgarn, welches wenigstens etwa 85% Poly(hexamethylenadipamid) aufweist, welches eine 
75 relative Viskositat von groBer als etwa 50, eine Zahigkeit von wenigstens etwa 8,4 cN/dtex (9,5 g/d), 

einen Modul von wenigstens etwa 26 cN/dtex (30 g/d), eine TrockenwSrmeschrumpfung bei 160°C von 
weniger als etwa 2%, einen Kristallvervollkommnungsindex von groBer als etwa 83 und einen Langpe- 
riodenabstand von groBer als etwa 105 A hat. 

20 2. Gam nach Anspruch 1 , welches einen Modul von wenigstens etwa 31 cN/dtex (35 g/d) hat. 

3 Garn nach Anspruch 1, welches eine Dichte von wenigstens etwa 1,15 g/cc hat. 

4. Garn nach Anspruch 1, welches eine Doppelbrechung von groBer als etwa 0,056 hat. 

25 

5. Garn nach Anspruch 1, welches eine Langperiodenintensitat von groBer als etwa 2,7 hat. 

6. Garn nach Anspruch 1, bei dem die Zahigkeit wenigstens etwa 8,8 cN/dtex (10 g/d) betragt. 
30 7. Garn nach Anspruch 1, welches eine Bruchdehnung von wenigstens etwa 18% hat. 

8. Garn nach Anspruch 1, welches eine Zahigkeit von groBer als etwa 180 cN/dtex% (200 g/d%) hat. 

9. Garn nach Anspruch 1, welches eine Zahigkeit von groBer als etwa 198 cN/dtex% (225 g/d%) hat. 

35 

10. Garn nach Anspruch 1, bei dem die relative Viskositat groBer als etwa 60 ist. 

II. Garn nach Anspruch 1, welches einen Schallmodul von grofier als etwa 1 cN/dtex (80 g/d) hat. 

40 12. Garn nach Anspruch 1, welches eine maximale Schrumpfungsspannung von weniger als etwa 0,33 
cN/dtex (0,37 g/d) hat. 

13. Garn nach Anspruch 1, welches eine maximale Schrumpfungsspannung von weniger als etwa 0,26 
cN/dtex (0,30 g/d) hat. 

45 

14. Gam nach Anspruch 1, bei dem das Polyamid Homopolymerpoly(hexamethylenadipamid) aufweist. 

15. Garn nach Anspruch 1, welches eine scheinbare KristallitgroBe von groBer als etwa 62 A, gemessen in 
der 100 Ebene, hat. 

50 

16. Garn nach Anspruch 1, bei dem das Garn eine Langung von weniger als etwa 9% hat. 

17. Verfahren zum Herstellen eines Polyamidgarns, welches wenigstens etwa 85 Gew.-% Poly- 
(hexamethylenadipamid) aufweist und eine Zahigkeit von wenigstens von etwa 7,9 cN/dtex (9,0 g/d), 

55 eine Trockenwarmeschrumpfung von weniger als etwa 2,0% und einen Modul von wenigstens etwa 26 
cN/dtex (30 g/d) aufweist, aus einem Aufgabegarn, welches aus der Gruppe gewahlt ist, welche 
gestreckte, teilweise gestreckte und ungestreckte Game umfaBt, welches Verfahren folgendes aufweist: 
Strecken des Aufgabegarns in wenigstens einer abschliessenden Streckstufe; 
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Erwarmen des Aufgabegarns wahrend wenigstens der abschlieBenden Streckstufe; 

das Strecken und Erwarmen des Aufgabegarns fortgesetzt wird, bis die Streckspannung wenig- 
stens etwa 3,3 cN/dtex (3,8 g/d) erreicht, wenn das' Garn auf eine Garnstrecktemperatur von wenigstens 
etwa 190 • C erwarmt wird; 

5 Herabsetzen der Spannung an dem Gam nach dem ausreichenden Strecken, urn zu ermoglichen, 

daB das Gam in der Lange auf eine maximale Lange kleiner wird, welche zwischen etwa 13,5 und etwa 
30% kleiner ist; 

Erwarmen des Garns wahrend der Herabsetzung der Spannung auf eine Garnrelaxationstemperatur 
von wenigstens etwa 190 *C, wenn die maximale Langenabnahme erreicht ist; und 
70 Kuhlen und Packen des Garns nach der Herabsetzung der Spannung. 

18. Verfahren nach Anspruch 17, bei dem die Spannung in ausreichender Weise derart herabgesetzt wird, 
daB die maximale Langenabnahme des Garns zwischen etwa 1 5 und etwa 25% liegt. 

75 19. Verfahren nach Anspruch 17, bei dem die Erwarmung wahrend der Abnahme der Spannung fur eine 
derart ausreichende Zeitdauer fortgesetzt wird, daB bewirkt wird, daB das Garn einen Kristallvervoll- 
kommnungsindex von groBer als etwa 83 hat. 

20. Verfahren nach Anspruch 17, bei dem die Herabsetzung der Spannung dadurch erfolgt, daB die 
20 Spannung teilweise in wenigstens einem Anfangsrelaxationsinkrement herabgesetzt wird, urn zu bewir- 
ken, daB eine Anfangsabnahme in der Lange auftritt und daB dann eine weitere Herabsetzung der 
Spannung vorgenommen wird, urn zu bewirken, daB das Garn weiter in der Lange auf die maximale 
Langenabnahme in einem abschlieBenden Relaxationsinkrement abnimmt. 

25 21. Verfahren nach Anspruch 17, welches an einer Mehrzahl von Garnenden gleichzeitig bei einer 
Abpackverarbeitungsgeschwindigkeit zwischen 150 und 750 mpm durchgefuhrt wird. 

22. Verfahren nach Anspruch 17, bei dem das Aufgabegarn ein teilweise gestrecktes oder ein ungestreck- 
tes Aufgabegarn ist, und das Strecken ferner wenigstens eine Anfangsstreckstufe vor der abschlieBen- 

30 den Streckstufe aufweist. 

23. Verfahren nach Anspruch 17, bei dem die Garnstrecktemperatur zwischen etwa 190 und etwa 240 *C 
liegt, und die Garnrelaxationstemperatur zwischen etwa 190 und etwa 240 W C liegt. 

35 24. Verfahren nach Anspruch 23, bei dem die Erwarmung wahrend des Streckens in einem Ofen erfolgt, 
welcher eine Temperatur zwischen etwa 220 und etwa 320 *C hat, und die Verweilzeit im Ofen 
zwischen etwa 0,5 und etwa 1 ,0 Sekunden liegt. 

25. Verfahren nach Anspruch 23, bei dem die Erwarmung wahrend der Herabsetzung der Spannung in 
40 einem Ofen erfolgt, welcher eine Temperatur zwischen etwa 220 und etwa 320 a C hat, und die 
Verweilzeit des Garns in dem Ofen zwischen etwa 0,5 und etwa 1 ,0 Sekunden liegt. 

Revendications 

45 1. Un fil de polyamide constitu6 d'au moins environ 85% de poly(hexamethylene adipamide) pr^sentant 
une viscosite relative sup£rieure k environ 50, une tenacite d'au moins environ 8,4 cN/dtox (9,5#g/d), 
un module d'au moins 26 cN/dtex (30 g/d), un retrecissement h la chaleur et a sec & 160°C inferieur a 
environ 2%, un indice de perfection cristalline superieur a environ 83, et un espacement de longue 
duree superieur a environ 105 Angstroms. 

50 

2. Le fil selon la revendication 1 presentant un module d'au moins environ 31 cN/dtex (35#g/d). 

3. Le fil selon la revendication 1 presentant une density d'au moins 1,15 g/cc. 

55 4. Le fil selon la revendication 1 presentant une birefringence superieure h environ 0,056. 

5. Le fil selon la revendication 1 presentant une intensity de longue dur£e superieure a environ 2,7. 
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6. Le fil selon la revendi cation 1 dans lequel ladite tenacity est au moins egale & environ 8,8 cN/dtex 
(10#g/d). 

7. Le fil selon la revendication 1 presentant un allongement & la rupture d'au moins environ 18%. 

5 

8. Le fil selon la revendication 1 presentant une rigidite superieure a environ 180 cN/dtex#% (200 g/d#%). 

9. Le fil selon la revendication 1 presentant une rigiditd superieure a environ 198 cN/dtex#% (225 g/d#%). 
w 10. Le fil selon la revendication 1 dans lequel ladite viscosite relative est superieure a environ 60. 

11. Le fil selon la revendication 1 presentant un module sonique sup^rieur & environ 1cN/dtex (80 g/d). 

12. Le fil selon la revendication 1 presentant une tension de retrait maximum inferieure a environ 0,33 
rs cN/dtex (0,37 g/d). 

13. Le fil selon la revendication 1 presentant une tension de retrait maximum inferieure a environ 
0,26#cN/dtex (0,30 g/d). 

20 14. Le fil selon la revendication 1 dans lequel ledit polyamide est constitue de I'homopolymere de poly- 
(hexamethylene adipamide). 

15. Le fil selon la revendication 1 presentant une dimension apparente de cristallite superieure a environ 62 
Angstroms, telle que mesuree dans le plan 100. 

25 

16. Le fil selon la revendication 1 dans lequel ce fil a une croissance inferieure a environ 9%. 

17. Un proc^dg de fabrication d'un fil de polyamide constitu^ d'au moins 85% en poids de poly- 
(hexamethylene adipamide) et presentant une tenacite d'au moins environ 7,9 cN/dtex (9,0 g/d), un ^ 

30 retrecissement k la chaleur et a sec inferieur h environ 2,0% et un module d'au moins 26 cN/dtex ^ 
(30#g/d) a partir d'un fil d'alimentation choisi dans la classe constitute par des fils etires, partiellement 
etires et non-etires, ledit procede consistant: 

a etirer ledit fil d'alimentation dans au moins une etape finale d'etirage; 
& chauffer ledit fil d'alimentation pendant au moins ladite £tape finale d'etirage; 
35 ledit £tirage et chauffage dudit fil d'alimentation etant poursuivi jusqu'a ce que la tension d'etirage 

atteigne au moins environ 3,3 cN/dtex (3,8g/d) lorsque ledit fil est chauffe h une temperature d'etirage 
du fil d'au moins environ 190 °C; 

h diminuer la tension exerc^e-sur ledit fil apres ledit etirage suffisamment pour permettre audit fil 
de diminuer de longueur jusqu'a une diminution maximum de longueur comprise entre environ 13,5 et 
40 environ 30%. 

a chauffer ledit fil pendant ladite diminution de ladite tension jusqu'a une temperature de relaxation 
du fil d'au moins environ 190"C lorsque ladite diminution maximum de longueur est atteinte; et 
a refroidir et a conditionner ledit fil apres ladite diminution de ladite tension. 

45 18. Le procede selon la revendication 17 dans lequel ladite tension est diminu£e suffisamment pour que la 
diminution maximum de longueur du fil soit comprise entre environ 15 et environ 25%. 

19. Le procede selon la revendication 17 dans lequel ledit chauffage pendant ladite diminution de la 
tension est poursuivi pendant une dur£e suffisante pour amener ledit fil a presenter un indice de 

so perfection cristalline superieur a environ 83. 

20. Le procede selon la revendication 17 dans lequel ladite diminution de la tension est mise en oeuvre par 
diminution partielle de la tension avec au moins un increment initial de relaxation pour causer une 
diminution initiate de longueur et ensuite par poursuite de la diminution de la tension pour amener ledit 

55 fil & diminuer encore de longueur jusqu'a sa diminution maximum de longueur avec un increment final 
de relaxation. 
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21. Le procede selon la revendication 17 mis en oeuvre sur une multiplicity de brins de fils simultanement 
& une vitesse de conditionnement comprise entre 150 et 750 mpm. 

22. Le procede selon la revendication 17 dans lequel ledit fil d'alimentation est un fil d'alimentation 
partiellement £tire ou non-etire et ledit etirage comprend encore au moins une etape initiale d'etirage 
avant ladite etape finale d'etirage. 

23. Le procede selon la revendication 17 dans lequel ladite temperature d*etirage du fil est comprise entre 
environ 190 et environ 240 *C et ladite temperature de relaxation du fil est comprise entre environ 190 
et environ 240 *C. 

24. Le procede selon la revendication 23 dans lequel ledit chauffage pendant ledit etirage est mis en 
oeuvre dans un four ayant une temperature comprise entre environ 220 et environ 320 ° C, le temps de 
sejour dans ce four etant compris entre environ 0,5 et environ 1 ,0 seconde. 

25. Le proc£d£ selon la revendication 23 dans lequel ledit chauffage pendant ladite diminution de la 
tension est mis en oeuvre dans un four ayant une temperature comprise entre environ 220 et environ 
320 °C, le temps de sejour dudit fil dans ce four etant compris entre environ 0,5 et environ 1,0 
seconde. 
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